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ELECTRICIAN’S THEORY EXAMINATION 
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QUESTION AND ANSWER BOOKLET 


Time Allowed: Three hours 
INSTRUCTIONS - READ CAREFULLY 


You have 10 minutes to read this paper but do not start writing until you are told to 
do so by the supervisor. 


Write your Candidate Code Number in the box provided above. Your name must NOT 
appear anywhere on this paper. 


Answer all questions. 
The pass mark for this examination is 60 marks. 
Use a pen for written answers. Do not use a pencil or a red pen. 


Drawing instruments and pencils may be used when diagrams are required. Marks 
are allocated on the basis of correctness. 


Do not use correcting fluid or correcting tape. 


For calculation questions all workings, including formulae, must be shown to gain full 
marks. 


Non-programmable calculators may be used. 


Warning - You could get 0 marks for any question, or part of a question, if you show 
anything hazardous or dangerous in your answer. 


Candidates are not permitted to use any Act, Regulation, Standard, Code of 
Practice, Handbook or other reference text in this examination. 


PLEASE HAND THIS PAPER TO THE SUPERVISOR BEFORE LEAVING THE ROOM. 
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Question 1 


(a) 


(b) 


(c) 


(i) If the voltage and current are known, what TWO other factors are 
required to calculate the power consumed by a three-phase motor? 
(1 mark) 





(ii) What TWO factors are required to calculate the power consumed by a 
single-phase electrical appliance? 
(1 mark) 





The direction of rotation of a 230V, single-phase motor has been reversed 
by: 


(i) Reversing the connections to the run winding. What type of single- 
phase motor is being reversed? 
(1 mark) 





(ii) Reversing the connections to the armature brushes. What type of 
single-phase motor is being reversed? 
(1 mark) 





One reason why the metal frame of a Class I electrical appliance is earthed 
is to ensure the operation of a protective device under fault conditions. 


State ONE other reason why the metal frame of a Class I electrical 
appliance is earthed. 
(2 marks) 
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Question 1 continued 


(d) State TWO factors that determine the severity of electric shock upon the 
human body. 


(1) 
(2) 


(e) (i) 


(ii) 


(2 marks) 








Protective devices have been installed in an electrical installation. The 
devices have a fault duty lower than the prospective short circuit 
current rating of the installation. 


State ONE reason why it is not desirable to have protective devices 
of a lower fault duty than the prospective short circuit current rating of 
the installation. 

(1 mark) 








Some fittings (not protective devices) have been installed in an 
electrical installation. The fittings have a fault duty lower than the 
prospective short circuit current rating of the installation. 


State ONE reason why it is not desirable to install fittings of a lower 
fault duty than the prospective short circuit current rating of the 
installation. 

(1 mark) 
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Question 1 continued 


(f) You have carried out a test on a low voltage final subcircuit in an electrical 
installation. The test result value was 20MQ. 


(i) What type of test has been carried out? 
(% mark) 





(ii) The test was carried out with a multi-meter that has the required 
functions (scales). 


(A) What function (scale) was selected on the multi-meter? 
(% mark) 





(B) What range was selected on the multi-meter? 
(% mark) 





(iii) What minimum test result would you expect if the final subcircuit 
incorporated a fixed-wired appliance with MIMS elements? 
(% mark) 





(g) State the main reason why interlocks are used in a star/delta starter. 
(2 marks) 
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Question 1 continued 


(h) Calculate the power factor of a small three-phase printing factory with 


(i) 


(i) 


mainly motor loading. Metering instruments have recorded the following 
information: 


° Power = 30000W 
° Volts = 406V 
° Amps = 57A per phase 
(2 marks) 
In relation to HRC fuses: 
(i) Define the term “cut off time” as it applies to HRC fuses. 
(1 mark) 








(ii) Define the term “total clearing time” as it applies to HRC fuses. 
(1 mark) 








State the purpose of the slip-rings on a wound rotor induction motor (or 
slip-ring motor). 
(2 marks) 
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Question 2 


(a) You are carrying out an earth fault loop impedance test on a single phase 
socket outlet. The diagram below shows the system you are testing. 


Red line 


L1 


L2 


L3 






MCB type 
Main switch 


Earth fault loop 
impedance tester 


Socket-outlet 


On the following page, list the usual low impedance circuit elements 
being tested by the earth fault loop impedance tester. 


Use the bullet points starting at the earth terminal of the socket outlet, 
work clockwise, and finish at the active (phase) terminal of the socket 
outlet 

(6 marks) 
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Question 2 continued 


° Earth terminal of the socket outlet 






































° Active (phase) terminal of the socket outlet 


(b) An earth loop impedance test result of 0.32Q has been recorded on a 230V 
final subcircuit supplying socket outlets in a low voltage electrical 
installation. 


Calculate the fault current that will flow if a short circuit occurs on the final 


subcircuit. 
(2 marks) 


(turn over) 


ET37 QUESTIONS — 20 NOVEMBER 2010 7 


Question 2 continued 


(c) A MEN, low voltage domestic installation is required to have a main 
earthing conductor. 


(i) To which parts of the electrical installation are the ends of the main 
earthing conductor connected? 
(1 mark) 








(ii) What is required to be attached at each end of the main earthing 
conductor? 
(1 mark) 
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Question 3 


The primary of a three phase, delta-star transformer is connected to a three- 
phase supply. 


° The secondary line voltage is 400V. 

° The turns ratio is 2859:20. 

° When the transformer is fully loaded, the full load primary line current is 
4.37A. 

° Assume that there are no losses in the transformer. 


(a) Calculate the primary voltage. 
(4 marks) 
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Question 3 continued 


(b) Calculate the full load kVA rating of the transformer. 
(2 marks) 


(c) Calculate the full load secondary line current. 
(2 marks) 


(d) When the transformer was tested on full load the single- phase terminal Vp, 
dropped to 222 volts. Calculate the percentage regulation of the 
transformer 

(2 marks) 
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Question 4 


(a) 


(b) 


(c) 


State the maximum permitted rated residual current of an RCD installed 
for: 


(i) Personal protection in a domestic installation. 








(1 mark) 
(ii) Personal protection in a medical-electrical installation. 

(1 mark) 
(iii) The protection of property. 

(1 mark) 





A person is using a Class I electrical appliance supplied from an RCD 
protected final subcircuit. An earth leakage fault occurs and earth leakage 
current flows through the person’s body. 


Why doesn’t the person receive a severe electric shock when the earth 
leakage current flows through their body? 


(1 mark) 








A Residual Current Circuit Breaker (RCCB) is installed in a single phase 
circuit. 


Explain why the RCCB does not operate when there is a short circuit 
between active (phase) and neutral in the single phase circuit? 
(2 marks) 
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Question 4 continued 


(d) (i) In New Zealand, what type of RCD is required to be voltage 
dependent. 


(1 mark) 





(ii) Briefly explain why the type of RCD you have stated in (d)(i) is 
required to be voltage dependent. 


(1 mark) 














(e) The phase and neutral on the supply side of a single phase RCD have been 
transposed. 


Would the RCD operate if it detected an earth leakage fault on the circuit it 
protects? State a reason to support your answer. 




















(1 mark) 
(f) State the full names for the following terms: 
(1 mark) 
RCBO 
SRCD 
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Question 5 


The figure below represents a new low voltage single-phase supply to a domestic 
installation. The installation is live and there maybe a _ phase/neutral 
transposition between the distribution system and the switchboard. 


~ i Meter box 


Neutral bar 





Main switch Earth bar 


Single-phase consumer 


(a) You are going to carry out testing using a multi-meter that has the required 
functions (scales) to verify whether a mains phase/neutral transposition has 





taken place. 
(i) State the function (scale) on the multi-meter you would select. 

(% mark) 
(ii) State the range on the multi-meter you would select. 

(% mark) 





(iii) State the additional equipment that should be used with the multi- 
meter. 
(1 mark) 
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Question 5 continued 


(b) On the figure on the previous page, use the instrument and equipment you 
have stated in (a) to show how testing for a mains phase/neutral 
transposition is carried out. 

(2 marks) 


(c) For the tests you have carried out in (b) state: 
(i) The readings that would be shown on the multi-meter if phase/neutral 


transposition has not taken place. 
(2 marks) 














(ii) The readings that would be shown on the multi-meter if a 
phase/neutral transposition has taken place. 
(2 marks) 














(d) The low voltage installation is protected on the distribution supply system 
by a 60A rewireable pole fuse. 


State the main reason why a phase and neutral transposition on the mains 
will not operate (“blow”) the pole fuse. 
(2 marks) 
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Question 6 
Note: Read the entire question before answering (a) and (b). 


Another electrician has isolated, disconnected and repaired a 400V three-phase 
circular saw in a joinery factory. You are required to: 


° Reconnect the machine by connecting the flexible cord to the DOL (direct- 
on-line) starter mounted on an adjacent pillar, and 
° Recommission the circular saw 


There are no danger tags or lock attached to the isolator controlling the DOL 
starter. The isolator has a locking facility. 


The only test instrument you have is a multi-meter that has all the required 
functions (scales). 


(a) (i) State the TWO instrument tests you would carry out to ensure the 
circular saw is safe to connect to the supply. 
(1 mark) 


Test No. 1 





Test No. 2 





(ii) Test No. 1 
For this test state: 


The function (scale) on the multi-meter you would select. 

The test voltage (if applicable) 

The range on the multi-meter you would select. 

How the test is carried out with the function and range that have 
been selected. 

° The expected test result. 


(3 marks) 
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Question 6 continued 


(b) 


(iii) Test No. 2 
For this test state: 


The function (scale) on the multi-meter you would select. 

The test voltage (if applicable) 

The range on the multi-meter you would select. 

How the test is carried out with the function and range that have 
been selected. 

° The expected test result. 


(3 marks) 




















You have reconnected the circular saw to the DOL starter. An instrument 
test needs to be carried out to verify that the saw is connected to the 
installations earthing system (that is, the saw is “functionally earthed”). 


For this test state: 


e The function (scale) on the multi-meter you would select. 
e The range on the multi-meter you would select. 
° How the test is carried out with the function and range that have been 
selected. 
° The expected test result. 
(3 marks) 
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Question 7 


Metering in a small 400V, three-phase, 4-wire commercial installation has 
produced the following results: 


° Red 60kW 
° White 173.91A 
° Blue 82kW 


Assume a unity power factor 


(a) Calculate the total power of the installation 
(4 marks) 
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Question 7 continued 


(b) Determine the neutral current 
(6 marks) 
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Question 8 


The figure below is the nameplate of a motor. 


Type MOT 112M No. 042657 Year. 1996 


kW H.P | 5.36 Hz | 50 


R.P.M 1440 Ph. Ins. 


Amb. Temp [ | Cose | 0.82 n %. 


Duty Protection. 
v | 
aL 





(a) From the information on the nameplate, state the power factor of the 


motor. 
(% mark) 





(b) Using the information on the nameplate, calculate the output kilowatt 


rating of the motor 
(1% marks) 


(c) Using the information on the nameplate, calculate the full load input 
kilowatts of the motor 
(2 marks) 
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Question 8 continued 


(d) 


(e) 


(f) 


The nameplate states that the motor has a protection rating of IP 53. 


(i) What does the term IP mean? 














(1 mark) 
(ii) What type of protection is indicated by the first digit? 

(1 mark) 
(iii) What type of protection is indicated by the second digit? 

(1 mark) 








What would be the typical connection for a three-phase, 400V, 20kW 
motor? 
(1 mark) 





The motor is to be started direct on-line and protected by a thermal 
overload unit and HRC fuses. The thermal overload unit is incorporated in 
the DOL starter and protects the motor from overloads. 


Briefly explain the term overload as it relates to the thermal overload. 
(2 marks) 
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Question 9 


You have completely rewired all of the final subcircuits in an existing low 
voltage, single-phase, domestic residence. 


The residence has been disconnected from the power supply. You must carry 
out the required tests before it is relivened. 





No work has been done on the mains, main earthing conductor or the MEN 
connection. 


You have to carry out an insulation resistance test of the all the final 
subcircuits. 


(a) An insulation resistance test is carried out with a test voltage of 500V d.c. 


(i) Briefly explain why a voltage of 500V is applied. 
(1 mark) 











(ii) Briefly explain why the voltage is a d.c. voltage. 
(1 mark) 











(b) The MEN connection of the installation is located at the inside switchboard. 
This is the place where you have carried out the insulation resistance test. 


The installation has a range and a water heater installed, both these 
appliances contain MIMS elements. 


(i) You carried out the insulation resistance test and the result for the 
entire installation was 0.2 MQ. 


State the most likely reason why the test result is lower than the 
permitted value of 1 MQ. 
(1 mark) 
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Question 9 continued 


(ii) You proceeded to certify the installation on a Certificate of Compliance 
with the insulation resistance test result of 0.2 MQ. 


Describe how you carried out the insulation resistance test so that you 
could verify that this installation complied with AS/NZS 3000. 


Include in your description the permitted minimum value of any test 
results. 
(7 marks) 
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